Introduction
The distinction between a septoplasty and a septal reconstruction is that the latter procedure includes changes to either the dorsal or caudal segments of the septum. The term total septal reconstruction is reserved for situations in which a graft replaces or reinforces both ofthese segments.
The dorsal and caudal segments require special attention because they form the backbone of the nasal skeleton ( Figure I) . It was MetzenbaumI in 1929 who first described a treatment for this portion of the septum when he introduced his "swinging door" technique. He repaired a displaced caudal septum by separating it from the rest of the septal cartilage with an incomplete vertical incision, and suturing it in the midline. In 1937, Peer pointed out that this technique was insufficient when the caudal edge of the cartilage itself was curved or fractured. He proposed replacing the caudal segment with a different piece of septal cartilage. The success ofthis approach was followed with other autologous grafts including a vomer bone graft,' a cartilage graft used as a reinforcing splint," a dorsal cantilever graft," a single "L-shaped" graft to replace both the dorsal and caudal segments in adults' and children," a dorsal onlay graft. v' a dorsal segment reconstruction combined with a spreader graft to improve the nasal valve function,"a total septal reconstruction with small separate dorsal and columellar struts," and a total septal reconstruction with mult iple cartilage grafts. 10 The technique of septal reconstruction was further advanced in 1974 by Goodman and Charbonneau 's" updated description of Rethi's " external rhinoplasty approach. This exposure has become popular with surgeons who perform septal reconstruction because it permits better access for more complicated septal repairs-" and associated cosmetic cartilage grafting." All of these approaches leave the surgeon with a variety of concepts 498 related to reconstruction, but with few anatomic and technical details for rebuilding the septum. In this paper, measurement of the septums of 60 human cadavers provides some anatomic guidelines for septal reconstruction.
Materials and Methods
The anatomic data were collected from the cadaveric dissection laboratories of the medical schools of Brown University, Boston University, Tufts University and Yale University. The average age ofthe 60 human cadavers was 77 year s with a range of 49 to 94 years. There were 31 males and 29 females. There were two African-Americans , one American Indian and 57 Caucasians. Among the Caucasians, there was a mixture of ethnic groups.
The dimensions ofthe cadaveric septums are reported as mean values with a range of two standard deviations. Unfortunately, the condition of some cadaveric septums did not permit all of the anatomic measurements of every specimen.
Results
The length of the dorsal segments of 46 cadavers measured 21 +/-5 mm ( Figure 2 ). Among 25 male cadavers, this length was 23 +/-4 mm, and among 21 females the length was 18 +/-3 mm.
The dorsal segment of the septum extended 4 +/-2 mm under the nasal vault to fuse with the perpendicular plate of the ethmoid. Under the nasal vault, the nasal bones thickened, the perpendicular plate of the ethmoid bone angled posterior-inferiorly, and the septal cartilage formed a nasal vault angle of 150 +/-12 degrees.
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• Ifnecessary, the dorsal segment can be skeletonized through a traditional external rhinoplasty exposure. The dorsal or caudal segments are resected only when the cartilage is irreparably distorted. Any resected portion is saved either for reimplantation or for a template. Included in the sterile field is a plastic template ofthe average dimensions of the nasal septum ( Figure 2 ). This is useful in cutting septal and maxillary angles and in aligning 
Reconstruction Technique
Septal reconstruction is indicated for patients with a dorsal or caudal segment marred by curvature, fracture or structural weakness. This patient group includes those with nasal obstruction and those with post-traumatic, post-rhinoplasty or primary cosmetic deformity of the lower two-thirds of the nose.
After preoperative evaluation, the first step is to assess the septal irregularities and the available donor material through a hemitransfixion incision. The remainder of the procedure can be performed through this incision, particularly if only the caudal segment needs correction, but the limited exposure can be technically challenging. An alternative is to use a limited external approach through a columellar incision: the medial footplates are separated but little more than the medial aspect of the lower lateral cartilages is dissected through the marginal incisions.
at an angle of 126 +/-10 degrees. When an imaginary line was drawn from the septal angle to the tip of the maxillary spine, its average length was 19 +/-4 mm, and from this reference line the caudal segment projected 3 +/-2 mm. The septal cartilage which interfaced with the maxillary spine and premaxillary muscles was about 3 mm thick and rigid.
The septal angle is created by the intersection of the dorsal and caudal segments of the septal cartilage. The septal angle was commonly rounded and consisted of thin (about I mm) flexible cartilage. Since the dorsal segment frequently had a gentle convex curve from the nasal bones to the septal angle, and since the caudal segment varied in its projection beyond the maxillary bone, the septal angle was measured by two methods. The first method involved measuring the anatomic septal angle formed by the angle between the tip of the nasal bones and the plane of the projecting caudal segment. The mean measurement of the anatomic septal angle was 111 +/-7 degrees. Among the male cadavers, the angle was 110 +/-10 degrees and, among the females, it was 113 +/-9 degrees. The second method was to measure the angle formed by the lines drawn between the tips of the nasal bones and the maxillary spine. This is an estimated septal angle and does not include the projecting portion of the caudal septum. This angle measured 97 +/-9 degrees. grafted materials on the operating table. Alternatively, cartilage may be left in place but repositioned and reinforced with a graft. When a large flat piece of septal cartilage is not present, two or more pieces may be sutured together. When no septal cartilage is available, septal bone, auricular cartilage, and inferior turbinate bone may be used (Figures 3 and 4 ).
If the caudal segment is resected, it is often a technical advantage to resect its entire length. It is preferable to harvest a graft with an anterior-posterior dimension of more than 5 mm so it can be sculpted and will resist bending. A graft of more than 2cm in length allows its base to be beveled to the natural angle of the maxillary spine. In most cases, a caudal projection and angle should be incorporated into the graft design. Since it is difficult to suture the graft to the maxillary bone, it is best to suture the premaxillary periosteum with its fibrous and muscular attachments to the base of the graft.
When a dorsal segment needs to be resected, it is a good strategy to leave a small portion so a graft can be sutured to the concave surface of the remnant. If this is not possible, the dorsal graft should be angled or notched to fit beneath the nasal bones and sutured to the septal cartilage which extends beneath the nasal bones. The dorsal graft can be further secured by suturing it directly between the edges of the upper lateral cartilages and plicating the mucoperichondrial flaps immediately below the graft.
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Next, the upper lateral cartil ages are cut evenly and sutured directly to the septum. In contrast, the lower lateral cartilages are repositioned with sutures through the fibrous tissue adjacent to the septum, but usually not to the septum itself. This technique is expected to reproduce the natural flexibility of the nasal tip. Any other rhinoplasty techniques such as nasal bone rasping. osteotomies. lower lateral cartilage sculpting. or co smetic grafting can be added during this process.
As a general rule, clear nylon (5-0) is used to suture together the septal grafts, whil e 5-0 polydioxanone(PDS) or 5-0 polyglactin (Vicryl) are used to reapproximate the soft tissues. Finally, the perichondrial flaps are
reapproximated with a running 4-0 chromic "quilt" stitch. Septal splints are sutured in place for one week, and sponges (Merocel) covered with vinyl and antibiotic ointment are placed on either side of the septum for 24 hours.
Discussion
Autologous nasal septal grafts provide an alternative to synthetic materials, homo grafts, and other autologous grafts. Septal grafts have the virtues of being readily available, they carry a low risk of resorption or infection, and often have structural advantages such as being thin, strong, straight and flexible. Moreover, unlike surgical techniques which emphasize camouflage of a curved or displaced nasal dorsum," the aim of septal reconstruction is to correct the architecture of the septum. If carefully fashioned, autologous grafts will usually provide a natural external shape to the nose and a functional nasal airway . Another advantage of septal reconstruction with autologous grafts is that, some months after surgery, the nose will regain its natural flexibility. This is not always possible when implanting distant autologous, homologous or alloplastic materials.
A feature missing from most available descriptions of septal reconstruction is anatomic detail about the commonly mentioned "L-shaped" septal graft. This L-shaped unit is considered essential to the structural integrity of the nose, and yet descriptions of the operative technique and schematic drawings of the relevant anatomy are often limited. Even quadrilateral is a descriptive name for the septal cartilage which oversimplifies its shape.
The limited anatomic information about the caudal and dorsal septums is understandable. It is the variation in the septal shape which contributes to the individuality and ethnicity of people's noses." Although there is considerable variation between individuals, the following general concepts can be helpful in the design of a septal graft.
1. The septal angle is not 90 degrees and is not naturally seated between the lower lateral cartilages. Contrary to most drawings of a 90-degree angle, in this series it averaged approximately 110 degrees. One explanation for the obtuse angle is that this shape accommodates the lower lateral cartilages as they join together and form the nasal tip. The location of the septal angle behind and below the level of the alar domes appears to permit movement of the lower lateral cartilages independent of the more rigid Here's an idea you can really grasp. For more information Circle 117 on Reader Service Card septal cartilage. In this special relation ship, the pliable lower lateral cartilages can provide a visually pleasing nasal tip, while the unseen septum holds it in place.
The concept of the septum as an important supportive element of the nasal tip is consistent with the observation that changes in the septal angle can alter the position of the nasal tip. Shaving off the caudal edge of the septal angle (which shortens the dorsal segment) causes a cephalic displacement of the septal angle, rotates the nasal tip, and makes the nose look smaller. Lengthening the caudal septum with a graft increases the height of the nasal tip and may create a supratip breakpoint. Therefore, the position of the nasal tip will be strongly influenced by the shape of the septal angle.
2. The base of the caudal graft does not have a flat base on which to rest. Any design for a caudal graft should follow the contour of the maxillary spine for better stability. The problem is that, while the maxillary spine forms a straight surface, it is not horizontal. Instead the maxillary spine juts from the maxillary crest at an angle of approximately 125 degrees. It is recommended that the inferior edge of the caudal graft be cut to accommodate this angulation.
3. The caudal segment rarely forms a straight line from the septal angle to the maxillary spine. Most caudal graft designs should also incorporate some caudal projection. This projection of the septal cartilage affects the nasolabial angle. An acute nasolabial angle adds to the look of an overhanging nasal tip, while an obtuse angle creates the more youthful appearance of an upturned nasal tip. Lewis ' ? estimated that the ideal nasolabial angle is 95 to 105 degrees for males and 102 to 115 degrees for females. He achieved a more obtuse angle by resecting the superior portion of the caudal septum (including the septal angle) and adding a cartilage graft to the base of the septum. These changes in the septal angle and caudal projection can be crafted into a single caudal graft.
Another subtle but pleasing aesthetic feature is the columella-lobular breakpoint. When present, it is located between the nasal tip and the nasolabial angle and forms a soft tissue angle 2 mm above the apex of the nostril. While it is formed primarily by the shape of the medial crura," it is indirectly affected by the caudal septum. Since the medial crura of the lower lateral cartilages are positioned caudal and superior to the septum, the contour of the caudal segment influences the projection and rotation of the medial crura and indirectly shapes the columellalobular breakpoint.
4. When replacing the dorsal segment, the surgical challenges are to have the graft join flush to the nasal bones and to anchor it securely. One solution is to extend the dorsal graft under the nasal bones . This anatomic study suggests that a graft needs a notch or ISO-degree angle to fit properly under the nasal bones and, when necessary, the 506 graft may be sutured to the septal cartilage which extends beneath the nasal bones.
In closing, no single design or set of dimensions will begin to properly represent the diversity of individual anatomy. Nonetheless, the importance of this study is to establish those anatomic features of the septum that remain consistent enough to form a blueprint for septal reconstruction. Ifan understanding of the aesthetic effects created by the septal angle and caudal projection of the septum is applied to a graft's design and if a dorsal graft is properly placed, the need for supplemental grafting may be reduced and the opportunity to leave the patient with a nose that looks and feels natural and functions well may be realized.
